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(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance the 
characteristics of an insulation film by extending the 
insulation film from the inner surface of a trench in a 
semiconductor substrate to the outer surface of the 
semiconductor substrate along the major surface thereof 
and extending a conductive part from the inside of the 
trench to the outer surface of the semiconductor 
substrate along the major surface thereof. 
SOLUTION: A semiconductor substrate is produced by 
forming an n — type low concentration diffusion layer 1, 
an n-type diffusion layer 2 and a p+^type high 
concentration diffusion layer 3 and then a p^type base 
layer 4 is diffused into the semiconductor substrate from 
the surface thereof. An n+— type emitter diffusion layer 5 
is formed partially at the upper part of the p-type base 
layer 4. Subsequently, a CVD film is deposited and 
patterned to open the position for making a trench 
before making the trench by etching the semiconductor 
substrate. Thereafter, an insulation film 1 1 is formed 
entirely from the inner wall to the outer surface of the trench which is eventually filled with a 
conductive film of gate electrode material 12 up to the outer surface of the semiconductor 
substrate. 
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^tll a*<0 hl/yf-MOSSill^T^- h«S 

XSaE-rey- hKffcj&l 1 -Ci5fc***-*'^>*1P8I 
(S total trench) ?>9*>X\ h UV^BBTLW. -Tftfc> 

■feStEXai^iSltS^Ett^^r-r^^^Braf (010 
(a) GDSplanarg&#) tOSfJ^ 0 ^If^i-^ C 1 l-ft 

5o w^-e, '&%k<D huyfMOsy- hSigr- 

fi, HI 6^*-rSplanara4>^5pffiffl^36S#^E-f--5. 
[0 0 6 7] ^ir^->^BBa^«*fc|W«te % " h 

uyfMOSy- MSigO^— b^*sis&\z£#>Z h 

J:H01O (a) ftOTlO (b) (c^bfc h 

[0068] 01 iMil 2ii x ^^n^<D^m\t 
zLbtizmMM (Qbd) h<Dmm&7j*-rmx$>z> 0 mm 

[oo6 9] mi i\cio\,^x, as^h^yfMosy 

- htflitlCtt:^ 010 (a) , (b) iC^-T h UV^- 
»*<7>«jft-ett N «*itptt2%a«-c*> 

KftM 1 1 &t^y- hi 2 Jgjjfci-ixtf . )ft|ft1KS« X 
com^fi (Qbd) &t&fco«|iSJ: 9 1 tffa±^:# < T-# 

[0 0 7 0] Hi 2l£:fcl>T. tt3fe<0 h U-V^M 

OS^-hfit^Kfcfc^ 010 (a) , (b) 

v>5ii^^ o tt3fe^»5S-Ctt, *y^*tbatt5 

%m&xhr>, z<n&m<Dmmxte4o%m&x&>z> 0 

ft 5 J: 5 Ky- hSHtBIl 1S^-M 2*jg*-r*t 
tf, $6MfWi^t (Qbd) SrSf3feO»^ J: 9 15 
I* ltfr«±*# 

[0 0 7 1] 01 l&tfHl 2fc*H-3Mb 



5t)<DX^>5 0 ft*5> 01 lx 0124 3 ^a, /3 = 1 0 

o %<offii*0 1 7 l:^t?f*o^u-t-MO sy-h 

[0 0 7 2] ft:fc\ 010 (a) fc»Ufc»a«)**# 
ttlcBWfcS*^, KWfcflttM-*. 010 

10 (b) \z»^itm&<o^ittm<om3&3mtti. nm<o 
mm2\z^x^ 07 ( c ) mx<DJz&nmcxb*> s m 

8 (a) <DX.m\ZjS\,^X. 2 0(7) hUV^7C0f B 1T-y— h 
1 2 *<Dttf±»fcO»»2i:* 

U 07 (a) ^XSSr«»LXt>J:^ 0 

[0 0 7 3] a±ttWUfer©Wt<0*tt<O*»#|8|l 

20 Tzmmm vmtm n^ii a>o x hu> 
s-cKfiEi-swwR (^-h) 12^ tbrnm w-h 

■HUB 1 1 fcH£fi$tcii?ft<^j«S*LT^5. 
[0 0 7 4] z<Dmifo<DMm<r>ttl<n*m#%iW: 
tt. IPS 9^ 5 M^>-^RBt?JfeSK (y-HSBB 1 

1 w- f) i 2fc»**t^na«u-c*j«* 

[0 0 7 5] ^fc. ^0!>l»B<O«fljl^tt<O¥«i^»S 

5 %si± t ft 6 J: 5 JKric Ltt^o 
[0 0 7 6] *fc % C^HSfi^fficofao^flciSB 

40 [0 0 7 7] Cl-bRWUfccoSOt©««lfcJ:ixfi, ^ 

[o 07 si mrnvrnm*. 013x^01411, z<d 

^ W (DMMnJ&m 4 X S h u ^»it«r tfT ^> 

2©iafciB*-e*>s**6. *n6*r««-r*. 

[0 0 7 9] c^«Wo«»o«ft*tttt % jfe-f. HIS 

50 co?gffiio0i (a) -01 (c) oxatra«^xa 
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^rg^o iW^ 01 (d) <D1MX\ CVD^6SrHffi 
(omm 1 — 2 <DW& <£ 9 ti¥ < x# L> r*v£r^*-- 

02 (a) -02 (d) UlS^Jgffili 

[0 0 8 0] 013 (a) ft % 02 (d) 

^-fo CVDK6frJ¥<7gjftLTi^fcfett* KYkJRlO 

a*Bft***i,fc«i^ hi/yfiiwonttecvDi 

6tf«**t-C^5 0 9:1c. 013 (b) [CTrrTX?^ 
y-h8fflll (fftfHR) r<o*£\ h 

u^H7L«o^aBir*5Jt-5^- HM^bBIl lliCV 
D«l:*#ltl!WW<ft5. h^fi 
?L*0ftXlilc*3lt&4'— bStfbBil 1 0>V*#s* h u 
^rt«ffi-CC5ff* J: 9 2 fgSJLLJ? < -5 J: 5 \z*t 5o 
ro«^XSfl, t£*i:H«0>l»* 3U*IBfi<*>*tt 1 

^0 3 ( c ) H»om fo«v>ttsea(D?g<B2(o0 7 

(c) £«»oxa*ifi:ra«-e*>oXJ:<, PS^£;ft,5 
ft(^1#®fl. 01 (d) l:^thuyfx. 7 fy^v 

[0 0 8 1] Hl4tt, C<DJ;5ia-CMlfc^ 

1 2(DiId^ h u^7<D8flpffiJ: 0fSt>i^-ei^5» 
jg(D^frS©^»rS0, 014 (b) \^(D h uyf 
7S>*^rp)-C0>SrffilS-e*>* o 014 (c) 

I*. 014 (a) IC^UfchU^Mfl-aS^n-^— ffl 

a»<&tt*ia-c*>*« iai4 (d) Ht, y-h 

1 2 a* h u 7 p BB J: 9 3§ttl UXt>S»it^** 

[0 0 8 2] i^»JSco»IBIcJ:9WftUfc*4»*S6lt 
<DW&I*. 014 (c) 0=x— ^— M£A0>l£fcBlwji% 

[0 0 8 31 hUV^§Bfl-a5 = — *— l^*5lt 

<5Stt3rfiK "r*te*>Y*lPl«» (Ecor, y) tt s h 

id? h w^rt»<0i«j* t g o x 2 tmzmfrisfrtg:^ 

»*J:9«RiS*l*. «tot, huv^8B7L«EB=-^- 
# (Ecor) » % «*J:9«Ti-*. **>fc«>(z* 

[00 84] HffiC0Jgffi5. ro«n^mKo»tt5ir 
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tt, XKoiNlltRntftHl (a) -03 (b) * 

[008 5] C<0|Bfi<7)JB«^aj5a^ffirt:. 5fc1\ 0 1 
(a) -0 3 (a) tDXMbmmoXMi&X, 0 3 

(a) l^-Ti:5lC*«ft:Sffi3 0{C YWf-l*l&$L 
■t-5. *lw, ^^jOS^*»^»»*ttco4»l»W:. 0 3 

(b) |:«tH^^rt«©y- hBt^fcKojg^ifelc 

10 fe5<, ^<om&(om&x\ts 03 (b) {c^-ry-h®^ 
Mil (j&mm ^M*sat, 5fc-r«£*£>i5 

fc«MMbBISr**Ufc±^, $?)l:cVDl$:Mt 
t\ 2l<DaiIi^t^ a jfe-f CVDl^ 

j^Lfcblc. Mlfe{UK«:H$AL-C2j|coaJBIKir«AU 

[0 0 8 6] te^^Tfei: tt, *TIMHUBt«:# 

j£U *©±|CCVDBI«:*J«U SfeJw^rOJiicIRK 

[0 0 8 7] hSftll l ^Mt^l 

[0088] 5 uiu-c. y-nwtBt**ritufc 

30 (c) BRiOIi, *lMlHlfiO«1B2 0Bl7 (c) £A 

[0 0 8 9] sr. S£3fea*<b. hi/y^iicMt^ 
[0 0 9 0] ^fc, c<o*2fe(Ojgffioy-h»{bMS:?g 

^-rtvtf. e&5t^o0i6 (b) (BBrffiBiM^-ra* 
smi i fc^s#iw*5it6y- hUbii i (onmtt 

50 [0 0 9 1] ft*5, I^EgW^i^Sttli, hUV^ 
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# h mz n m Lxmmmtiz ^^-h mtm i 
[oo9 2] &tz. z<Dmm(DMm\z£z>im»mw. 

[0 0 9 3] ^±^UfcJ:5ic. Z<Dg:M<Dl&m\z£ 

^+cvDJ»(DfflS^ cvDBt+jRK^kK^SfJl 
■L tl< lliRSM+cvDl+iSM^P)<c$a 

Yt^i i^mj?^-^^±^-fr. ?- tmtmvm 
$mzfa±.£itz> - £ a*-e# <5„ 20 
[oo9 4] ^i^i6. z<nftw<Dnm<nmm6 1- 

tfcl^L*:01 (a) -03 (c) &gJB-r* 0 
[0 0 9 5] r.O^IS^Jg|g<OS{^&|i x 5feT> 01 

(a) -03 (b) OIl^r^IglrgT, 12(3 

(b) (c^-ri^ir^^ssso^hL-^?^^: 

u zcDhis^ftmcy-hmtmi 1 o&inugi) £ 

03 (c) l^t^- hlffiTOi 2 (DJ&rfL 30 

*fe(cfc5 a ^on^^te-c^ 03 (c) 

mV>**atfp oly-Si) ^S^tfo ^tt, C 
2fg£-T5 a 

[0 0 9 6] Z<D&<DXMte. mM<DMMl<D®l 

(d) ^-TJ:5t-, hmMttm z<n^y^y 

Zftt!:?* fcSVMi. l&S^Jg 2 <D0 8 (a) Iw^-f 

[0 0 9 7] wtDHiS^ffiTli. j^±o^5«wy- h 
U ^-hSftIlUSffi3 0i^II^ t>L<f± 

h^tfiii i tr- hmmtt&i 2t<D&m^ m 
y- hg^uBii i^^$^fcstcT--/^y-hK 

4UR1 l^it»f* K-^yh^45n*x^y^I so 
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[0 0 9 8] Se>lw, «*ftAfcj:«*fl:teJ:0. ft* 

bTf^ffi-T^ Si-H. Si-PH^\ Si-N3g^ 

[oo99] z<njf&n, bmtmi 1 tfg&stfttBt 

hgKfclBi£ LTSRBMliK^±lcCVDK4:fiia-cm-r 
-g\ *>5V>tt. IRiWkffll<0±iwCVDWS:Jg«L. £<b 

Sy- hM^W?)f 02 0l^t/l/-t-MOS 

[oioo] £<D|Hfttt»11Btt:J:*btf* BIRRltJ: 

[o i o i] £k±smi,fr£5\^ z<Dnm<DMmv>$i 

[0 10 2]||»^i7. 015li^W^lW 

15 (a) tt. H»W*ffi2«) h^y^MOSy- h« 
ig^S^Ufe h l/yfMOSFET©«jS4^rrH-C* 

[0 10 3] ^fc, 0 15 (b) fi, HJS^?gfflg2 0 h 
U yfMO S h»ig*®ffl b^c I G B T (Om^mX 
3U^^»i6ASp*S!»lRJl3W*-e*<. P'S 
W3a*»*U pVp*3^^»^ftt^ 

[OlO4]ffc,015 (c) tt, mM<Dte1&2<D h 
uyfMOSy- hWiSSria^Ufe I GBT<0A&tf>»i£ 
«-C*>9. 3U-^^»iSd5p^j£«B3^-e*<. 
n*S«*3b«r**U pVn^i/^^M^Lt 

[0 10 5] GUiOJ: 5(C HJ6^*«Sl'-6-ettMU 
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[0 10 6] 

vm&.-rz&wsi&mz.itn-e. &®m vt- \-rnt 
t&mm (<?- hStftJUD nisim. 

[0 10 7] Z(0&mz£tltZ^ hUV^tSitfc 

/s i 02#ffiwia^^s/t<*«5, mmm (y-n 

[0 10 8] *fc. C«73^{C«J;*tff, M^V^fititSr 
JfeSlg if- Ymcm) nmm&.Zfo±Zlt 3b 

[0109] w^eqicitttf, k u>-^*$it£ 

W^S^#=£g&tf^coMit:£tel::*3^-C, JfegyB!* 
t/iiiplc^LfcO-e, Jfei&IgS (y-h&fciBI) I- 

[0 110] r<D%B^(ciix(i. hu^ifcitS: 

(y- KB^kJBI) co<a^t££faJi£*S&:3l#fc$. 
[0 111] Z.V)ftW\z£tta. hu-V^fl*it& 

co y - * it &3£ $ ixr D fS] ±co^ds^ <b *v 
[0112] ^co^tiiixrf. h i^^tSiSfc 



20 

Jlfllit, XI±CVD^<OJg^(Cf8agE{kSr?f/iofc2Jl 

rait. t)L<ia> mstitmv>±\zcvDm&mmv2h 

[0 113] Sfc, r.co%Bj(rj:ixff, hu-^Wit* 
#i-5^fc&g&tf*ro§8it:£afcKM>T, h u-v^ 

10 gam w-tmum ^(o^mttemmmzix. 
•So ^nt-i o n/vfMosh7^^<ofi 

[0fficoffiiifiSJl9n 

[01] ico5IHjroHS£(DJgffillcJ:5, M'i'fi 
[0 2] Cco^^£0^5£cojg|gllcJ:5. huv^Hf 

it £*rr * ^fltise wKitxstr^-rwsiao 

[0 3] z.<D&W<oMM<nMMl M'VfS 
[04] zv>&W<n&1&<oMm lie J: 5. hu-v^fl} 

[0 5] r.(75^W«^B£WJig«g 1 M^^fll 
it £*i-r S M^«=^g<O§!ligXSSr^i-»rS0o 

[06] r.co^?^co^J6co^ffilliJ:6. M'yf* 
itSr*-r5^^BcoffiiitxmSr^-r»r®0o 

[0 7] Cco^BJcoHJSojg^2|r ±5. hu^tS 
it4r^T-t-5^ft:SgcoffiiiiXg4r^i-Srffi0„ 

[0 8] rco^P^co^S£cojgli2l;J:5s H^vfS 
so it=Sr^ri-S^#:g|gcoS!iitxmS:^i-??rffi0«. 

[0 9] wCO^?q<0»J£coj^lS2lrJ:6, 

it &*-r s ^#i^gcos{itxmsr^-r®rffi0. 

[0io] z<nftW<nmMv>Mm3izi.z, huyf 
«it4:^-r'5*S^gco8!!igXS*^-r»fB0. ■ 

[011] rco^wco^JSco}gffi3icJ:5, h^f 
1»it*^-5^#ft:^gco^ffl 4rSi?q-r S fc»<^a 

[012] rcO^BJ«73HJg(7?Jgffi3ICj:5, h^f 

»it S ^#«c^gcof^ffl «rlttBj-r ^ fc »<O0o 
[013] r<o^coHl£cojgffi4lci5, H/>-f 

40 mm&&T5*m.#mw<z>Mmj:m&7rrrmmm. 

[014] ico^coHJ£cojgffi4irJ:6, H^vf 1 - 
»it*^-rs^^gco1f}itSr^i-»rffi0. 

[015] C<0^coHfficojgffi7lrJ;5. H'Vf 
«itS:Wi--5 i t t #^gcoSit«r*-rttlrffi0. 

[016] V uyfMOS^- hflfitco^($; 

ISgSr*i-»TE0» 
[017] ^CO^U— MOSy- h«it£0^ 
ft:^gSr^-r©TE0 < , 

[018] SfeJfecO h uyfMOsy- Hfll^coKitx 
so m*jn-T»rffi0. 
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[019] «e*<& h i/^fMo s y- htSigOiSigX 
[02 0] fesfeo h i^yfMosy- h»i£<agygx 
[f9F*§-<7>»9!] 

i n-m&mm. 2 ngy&st/i, 3 P +mmm 

ttSUls 6 CVDE 7 hU^f, 8 hU-V 
^§H7L^ 9 hi/ >^J£« % 10 y =x ^Kft 



Bt. 1 1 is!) = ^BWUJI, hSHUR, y- M 
JR. (%Skl& SU<a&»K) , 12 y-hms*m 

(a*snsi. » i (09ie) , h « i 

HIS) > 1 3 CVDE S2(Dy-hl6ti (*2 

(m2<Dmn&) % is ^yay^ki, i6, i 

7 JMH& 18 p*«fe 19 

2 0 /<9 7^^ 2 1 T/WS. 3 0 



[01] 
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<b) 
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[02] 
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[0 3] 



1,2 







0$ y 





-11 




11 

4vi 




(15) 



1-31815 




(16) #B8¥l 1-31815 




(17) 



imi 9] 




-=—2 
J — 3 



»M¥l 1-31815 



